The pathology of malignant hypertension in dogs induced either purposely or inadvertently by the Goldblatt procedure has not been previously reported. Malignant hypertension was experimentally produced in beagle dogs by a modified Goldblatt procedure; in a single surgical procedure, one kidney was removed and the blood flow to the remaining kidney was reduced by 50%. A sudden onset of severe clinical signs developed within one to three weeks after surgery. The dogs were markedly depressed or in shock, were vomiting, and had either bloody feces or bloody diarrhea. Hematologic changes compatible with a diagnosis of microangiopathic hemolytic anemia consisted of hemolysis, thrombocytopenia, and the presence of burr cells and schistocytes. Some dogs had neutrophilia and slight to moderate increases in blood urea nitrogen and .creatinine. At necropsy, there were gross hemorrhages in the heart, brain, urinary bladder, and gastrointestinal tract. Histologic findings consisted of multifocal parenchymal hemorrhage, fibrinoid necrosis of arterioles, medial smooth muscle hyperplasia, adventitial fibroplasia and mononuclear cell infiltrates, and microthrombi. The vascular clamp most likely protected the kidney from the systemic hypertension since the remaining kidney was largely not remarkable by light or electron microscopy. The dog appears to be a good model to study the pathology of malignant hypertension and microangiopathic hemolytic anemia.
INTRODUCTION
Since Goldblatt introduced his technique in 1934 (3), dogs have been subjects for hypertension studies in the physiology laboratory. Although the physiology literature describing the uses and applications of this model to study hypertension is extensive, nothing seems to be published reporting the pathology of either benign or malignant hypertension in the dog.
'Malignant hypertension was inadvertently produced in our laboratory in an attempt to create a population of dogs with benign hypertension. The following paper documents the clinical features, clinical chemistry, and hematologic and pathologic changes in these animals.
METHODS
Dogs were 9to 1 0-month-old commercially-bred beagles, and were individually housed in stainless steel cages within class 100 laminar airflow rooms maintained at a temperature of approximately 72°F
Presented at the Fourth International Symposium of the Society of Toxicologic Pathologists, June 5-7, 1985 in Washington, m n U.L. and 50% relative humidity. Certified dog food and water were freely available throughout the study except for necessary fasting periods prior to surgery.
The Goldblatt model of hypertension was produced in this study by a modification of the surgical procedure described by Watkins et a1 (7) . Unilateral nephrectomy was performed on five dogs and a Goldblatt vascular clamp was immediately placed on the contralateral renal artery, reducing the flow by 50% to the remaining kidney.
Mean arterial blood pressure was measured from the central ear artery of the conscious dog using the method described by Kutz et a1 (6) .
The following methodology and equipment were used for analysis of the hematologyand clinical chemistries: platelet counts on the Baker 810 Platelet Analyzer @ and confirmed by phase microscopy; hemoglobin, hematocrit, and red blood cell counts on the Ortho Hemac 4000 Laser Counter a; and urea and creatinine on the Aminco Rotochem@. Dogs were killed by i.v. phenobarbital overdose followed by exsanguination and a necropsy performed. Tissues were fixed in Carson's fixative (2) and routinely processed for Iight microscopy. The liver, kidneys, brain, lungs, spleen, pancreas, mes-184 CIMPRICH ET AL TOXICOLOGIC PATHOLOGY enteric lymph nodes, brain, heart, stomach, small and large intestine, eyes, ureters, vena cava, renal artery, and aorta were stained with hematoxylin and eosin; selected tissues were stained with phosphotungtsic acid-hematoxylin and periodic acid schiff stains. Tissues for electron microscopy were postfixed in osmium, embedded in epoxy resin, sectioned, and stained with uranyl acetate and lead citrate.
RESULTS
The dogs all recovered uneventfully from surgery. The onset of severe acute clinical signs varied from one to three weeks after surgery. The dogs were markedly depressed, vomited, and had bloody stools or bloody diarrhea. Blood pressures taken during the period of clinical illness, just before the dogs were killed for humane reasons, showed a median increase in mean pressure of 39 mm Hg.
Blood for clinical chemistries and hematology was taken shortly after the onset of clinical signs but not every test was performed on each animal. The results of the tests in the animals with the most severe clinical signs were striking. Varying amounts of hemolysis were found with the presence ofschistocytes (fragmented red blood cells) and burr cells. Platelet counts were as low as 38 x lo3 mm3 (normally 200-350 x lo3 mm3). Neutrophilia was found frequently. Blood urea nitrogen and creatinine were usually slightly to moderately elevated. One moribund dog had an elevated creatinine of 5.9 mg/dl (normally 1.5 mgldl).
The gross lesions found at necropsy vaned from animal to animal without any one of the animals showing all of the following lesions: multifocal hemorrhages in the brain; multifocal epicardial, endocardial, and myocardial hemorrhages; multifocal hemorrhages in the pancreas; multifocal hemorrhages of the urinary bladder mucosa; and edema and multifocal petechial hemorrhages of the mucosal surfaces of the stomach and large and small intestines. The remaining clipped kidneys were grossly normal with the exception of fibrous adhesions around the renal artery vascular clamp.
Histologically, the most prominent lesions were in small arteries and arterioles. Fibrinoid necrosis of the media characterized by a homogeneous hyaline eosinophilic appearance, sometimes with pyknotic nuclear debris, was common to all organs with gross hemorrhage (Fig. 1) . Subendothelial edema with the occasional presence of red blood cells was sometimes present (Fig. 1) . In some animals there was also endothelial cell proliferation (Fig. 2) .
Smooth muscle proliferation of the media was occasionally present although this was not a common feature (Fig. 3) . Thrombosis of small arterioles and capillaries was sometimes evident (Fig. 4) . In many animals, periadventitial fibrous tissue proliferation occurred with a mononuclear cell infiltrate consisting predominately of lymphocytes (Fig. 5) . Vascular lesions in many organs such as the heart, brain, urinary bladder, pancreas, and gastrointestinal tract were associated with parenchymal hemorrhage (Fig.  6) . Sometimes hemonhage in the heart and brain were accompanied by neutrophilic infiltrates. In the stomach and intestines, hemorrhages occurred in the mucosa, submucosa, and muscularis. In addition edema of the mucosa and submucosa was often present.
Ocular lesions, when present, consisted of fibrinoid necrosis of retinal vessels accompanied by retinal detachment and subretinal proteinaceous exudates. The pigment epithelium beneath the detached retina was either markedly vacuolated or hypertrophied (Fig. 7) .
Both the surgically-removed kidney, acting as a control, and the kidney with the vascular clamp were examined by light and electron microscopy; the kidney with the vascular clamp was for the most part not remarkable when compared to its control by either light or electron microscopy. Incidental ultrastructural lesions were seen in the glomeruli and the tubules. Glomerular lesions included focal minimal effacement of foot processes, minimal splitting and segmental thickening of glomerular basement membranes, focal areas of minimal mesangial matrix and cell proliferation, and minimal vacuolation of capillary endothclial cells. Tubular lesions in-cluded vacuolation of tubular epithelial cells, thickening of the tubular basement membrane, inclusion debris in tubular basement membranes, and focal necrosis of tubular epithelial cells.
Capacitance blood vessels in the kidneys were not remarkable except for a single artery with a segmental subendothelial deposition of dense amorphous debris.
Larger arteries within affected organs as well as large vessels such as the aorta were not remarkable histologically.
DISCUSSION
Malignant hypertension was inadvertently produced in our laboratory while attempting to create a population of dogs with benign hypertension. The traditional Goldblatt surgery is usually a two-stage process involving removal of one kidney, a period of acclimation, and then constriction of the contralateral renal artery. By removing one kidney and constricting blood flow to the opposing kidney in one surgical procedure, there was no period of acclimation to the altered renal mass and the surgeon actually reduced the blood flow to the remaining kidney to a much greater degree than intended. The degree of constriction was apparently enough to set the scenerio for the production of malignant hypertension while protecting the kidney from the systemic effects of high blood pressure. Yet, the degree of constriction was not enough to produce lesions of renal ischemia by light or electron microscopy.
Whether the vascular lesions were induced by increase in wall stress, plasma renin or angiotensin levels, increased intraluminal pressure, hypovolemia and hemoconcentration, or involvement of the sympathetic and adrenal axis acting on peripheral resistance vessels was beyond the scope of this experiment and is still unresolved in humans (4, 8).
Fibrinoid necrosis of the media of small blood vessels with the presence of intramural and subendothelial fibrin and red blood cells as well as instances of smooth muscle cell hypertrophy and hyperplasia, intraluminal thrombi, hemorrhagic exudates, and arteriolitis present in the dogs compare well with the appearance of lesions described in malignant hypertension in humans (1,4, 8) . The degree of penarteriolar fibroplasia and inflammatory infiltrate seems more striking in the dog than is described in humans and may be characteristic of the response in dogs with malignant hypertension.
The hemolytic anemia in the dogs with the presence of burr cells and schistocytes is compatible with the diagnosis of microangiopathic hemolytic anemia (5, 8) . In humans with malignant hypertension, as in the dogs, the anemia correlates well with the severity of arterial lesions but not with uremia. Thrombocytopenia, burr cells, schistocytes, and intra-vascular coagulation often found in humans with malignant hypertension were also present in the dogs. Whether or not the anemia contributes to, or de-velops as a result of, the vascular lesions is unknown (8).
The degree of the increase in blood pressure is difficult to evaluate because the dogs were probably
